Report of Dr, Avery (assisted by Drs. Abernethy, Babers, Chow,

Tubos, Goebel, Goolner, Horsrall, C. M. iaclenéd, anc Stillman)

Stulies on the transformation of spnecific types of

pneumococcus. (Avery anc C. X. MacLesd.) Rarely in the case

of a pathogenic microdrganism is it nossible to correlate many
of 1ts biologically specific anc pathogenic characters with
the activity of a single enzvmatic function of the cell itself.
This correlation, however, is @warticularly strilzing in the case
of Pneunococcus. In this instance the bacterial cell possesses
a potential system of svnthesizing enzymes, the functional
activity of which results in the 2laboration of a specific
substance whiclh is structurally ¢isposed about the periphery
of tue cell in the form of a capsule. The presence of the
capsule confers a new and highly (ifferential type-specificity
upon the microadorganiem, anc¢ coanlitions its capacity to grow
and multiply in thé tissues of the infected host. This
synthesizing function is most highly cdeveloped, and the product
of its activity most pronounced in cells best adapted to growth
in the animel body. On the other hanc, cells in which this
system of synthesizing enzymes has been spontaneously or
experimentally inactivated by exposure to an unfavorable
environment are not only cdeprived of their capsules anc trpe-
specificity, dbut alsJ lose their invasive properties and
become relativaly non-virulent fur animals highly susceptible
to infection with the original encavsulated strain.

Imbortant ané essential as is the activity of

capsular furction to the oarasitic career of the microdrganism
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in the living host, it is, however, not vital to thae life of
the cell growing outsice the animal boly. For capsulo-free
cells are still capable in artificial media of carrying on the
vegetative procaesses of metabolism and multiplication after the
capsule synthesizing function has been inhibited or suppresscd.
This retrogressive change from more complux to simpler coll
structurc, with the resultant loss of tyno-specificity and
virulence, is intimately associatcd with, 1if nop wvholly
Cependent upon, the inactivation of the systom of cnzymos
concerncd in the synthesis of tha ¢211 camnsulo. The function
of capsular synthcesis may thoreforo bo regarfed as an acdaptive
machanism or defonse rocaction whorebdby thas coll scoks to protect
itsolf against the resisting forces of the invaded host.

Thus, pneumococci may oxist as cncapsulatod or non-
encapsulated cells whiclh, in torms of bacterial Cissociation,
are roferred to rospuctively as the § ani R forms. Tho caells
of those two forms Aiffer from cach other in morphological
structure, colony topogravhy and biological bechavior, and these
differconcos are in each instance referable to a gain or loss in
activity of the capsule-producing enzymoes of thoe cell.

Under suitable cultural conditions, the change from
one form of cell to the other is reversible (SZR). A type-
specific strain of pneumococcus, after serial transfers in a
medium containing immune serum of ths homnlogous type, is
converted into the R form in which capsular development is
suppressed. Similarly, the non-ercapsulatoed, dograCed R cells
may, by cultivation in anti-RK sorum, be causecd to rogain all

he distinguishing and tyoe-smnecific proparties which




characterized their parasitic antecedcnts. Under these concdi-
tions, the revcfsion is invariably back to the homolognus type,
and is associated with the acquisition ¢f virulcnece and the
re-s¥nthesis of 2 cansular polysaccharice identical in chemical
constitution and typu-snacificityr with taat elaborated by tho
parent strain. Once this change in functional activity has
nccurrcl, irrcsnoctive of wacthor tue variation induced is
progressive or rctrogressive in naturz, thae cells thus alterecd
brecd true on subscquent cultivation until they arc again
subjected to environmontal conditisns vhich causc reversal of
function and form. From this »noint of vizw, the processazs of
(issociation may be regarded as a ra2snonsc of the cells to
cnvironmental influonces which favor cither the activation or
inhibition of the cansule~producing cnzymes.

Mors significant, perhaps, than this direct form of
roversible déissociation (SZ=R) is tho phenomonon of transform-
ation of specific typos of Pnoumococcus. Griffith first showved,
by a spacial techniguc in mice, that oncapsulated cells of one
specific type may be transformed into other specific types
through the intermediate stage of the R forms. Dawson sub-
sequently found that the transformation of specific types can
Later, Alloway succeeded in causing transformation Py groving .
R cells in a medium containing small amounts of a filtered
extract of S cells of a heterologous type. Undef these condi-
tions the R cells, irrespective of tvve derivation, acquired
2ll the tymne-specific characteristics of § cells from vhich the

extract was prepare(. Thus, it has been exverimentally
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dermonstrated that it is possible not only to reactivate the
capsule-synthesizing enzymes of an R ¢ell, but actually to so
arient and direct the synthesis that R cells, under the
influence of & specific stimulus, are caused to elaborate a
cansular polysaccharide having the same onemical constitution
@ serological specificity as tizat of thie type of S cells from
shich the activating stimulus was derived.
The work begun by ~r. Alloway ané continued last year by
Jr. Rogers is bYeing activoely carried on at nresent in collabora-
tion with Dr. MacLeod in an attempt to ascertain the nature and
vroperties of the transforming princivle prcsent in active
sxtracts of S cells. =xtracts thus derived can be freed of
intact cells and cellular detritus by filtration through a
gsrkefeld candle, without loss of activity. The active
arincinle passes the filter, however, only when the extract is
wdjusted to an alkaline reaction (pH 8°) before filtration.
From crude extracts a large amount of irrelevant protein and
other inert material can be removed by adsorption with charcoal
without appreciable diminution in the potency of the absorbded
extract. The active principle in these partially purified and
watar-clear cxtracts Coes not pass through parchment or cello-
phanc membranes on prolongad dialysis against running water.
The transforming principle in active extracts with-
ctands heating at 60°-80° C, for 2 hours, but is completely
Cocstroved on shorter axposure to higher temperatures. The
votency of an extract is lost when the reaction of the solution
is adjusted to an acidity equivalent to or greater than pH U,

n the other hand, the transforming princivle iIs stable in
’ [T
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extracts at pH 9 , ané at tiis alltaline rcaction resists heat-
ing to 60° C. for 45 minutes.

Observations of considcrable significance have
recently bacn made concerning the effcect of certain enzymes on
tec transforming activity of potcnf cxtracts. Thon S cells
are allowed toc uncdorgo spontanzous autolysis, tho resulting
autolysate is no longer capadble of causing transformation,
inlicating that the active transforming principle is destroyed
by thc autolytic ferments o:rf tae cell. All active cextracts
contain varying amounts of the specif 1¢c capsular polysaccharide
in solution. It was carly discovcered, however, that the
chiomically purificd spocific polysaccharides cre by themselves
devoid of transforming activity. Moreover, Rogers showod, and

ifacLood has since confirmed the Iact, that active extracts of

Type III pncumococci, which havo been treated with the specific
cnzyme capable of docomposing the Type III polysaccharice,still
possess transforming activity although the prescnce of the

specific carbohydrate is no longer dctectable by the precipitin

test.

Similarly, all active cxtracts contain varyling amounts
of bacterial protein, However, extracts wvhich have beon digcste@
by crystalline trypsin and subsequently dilalyscd to remove the |
hydrnlysed products of digestion are as fully, if not more,
active than the original extracts before digestion and éialysis.
Unless it is subsequently shown that the split products of
onzyme action account for the activity of digested extracts, it
may be tentatively concluded that tho transforming potency of

cxtracts is due tn the presence of some constituent not
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destroyocd by trypsin or by the specific carbohydrasc.

Whatever may ultimately prove to bec the nature of the
transforming princinle, one of its most striking characteristics
is thc typo-spoecificity of its action on R cells. The mechanisn
involved in the phensmenon of transfourmation and the nature of
the activating principls arz still unéecterminzd. However, the
results inciceate that all R c¢c:11ls, in which rotrogression has
not advanceé too far, possess a potential dbut inactive system of
enzynes capable of synthesizing any of the type-specific poly-
saccharides, the particular one producec¢ being determined by

he specificity of the activating stimulus. Once the capsular
function has been specifically activated, tlie newly transformed
cells continue to synthesize the same capsular material and
retain the same type-specificity through innumosrable transfers
on artificial media without thie further addition of the
activating substance initially enployed to induce the trans-
formation. From these sane cells, after prolon;ed cultivation,
a transforming principle of the same specific nature and
activity can again be extracted in an amount greatly in excess
of taat or;ginally adcded to initiate tie change.

The study is béing continued with the hope that
knowledge of this important cellular mechanism may 1ead}td a
better uncerstanding of the principles involved with specific
transformation an¢ induced variations of living cells, not
only of Pneumococcus, but also those of other biological
systems. Furthermore, the thougzht sugsests itself that wore we
in posscssion of knowl:d ;e pertaining to the nature of the

substances which serve as activators and inhiditers of the
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capsule-producing enzymes, tlhc knowledge gained might afford a
new approach to a specific attack dirccted toward the suppression
of the capsular function upon tie activity of which the patho-

enicity of Pncumococcus cdenends.

The protective action of antivneumococcus scrum _in

mice (Goolner and Horsfall). TPyne-spacific antipneumococcus
horse and ratbit sera have tiic capacity to protect mice against
fatal infoction witl: pnoeunococci of the homologous tymne, even
w..en cnorrous nunbers of the latter are administered with the

1 L)
impmune serun.  There aro, |

Y

oucver, definit

(e

limitations in both

thie amount of serum and thec amount of culture =h:ich can be used
in order to demonstrate protoction. An zxample of these
linitations is stown in Toxt FPig. 1, which includes results

with both rabbit and horse immunc sera of anproximately the sanmec
acglutinative titers. In both instances thore is a liniting or
titor zonme in vhiclh tihe amount of immunc serum adpcars to be

insufficient. In both instances, also, one obscerves the so-

callod Schwellenwert or upper 1linmit of culturc beyond which it
appears to be impossible to protect nmice irrespective of the
anount of serun. e most striking difference between tho
results with the two scra is that wheroas the immune rabbit
serum protected mice even when given in large amounts, the
adninistration of immunc horse serum in similar quantities
resulted in a negative phase or prozone in which no protection
wvas obtaincd,

Thaa Schvellenwert. The clue to the nature of the

Sehwellonwert was found in a ssries of =zxperinmcents which may

be sunnarizod s follows:
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Fig. 1. Protection Tests with Type I Antioneumococcus Horse and Rabbit Sera.

Serum and culture administered siwultaneously. Type I Pneumncoccus
culture possess2d a virulence such that 0,000,000,01 ce. produced
fatal infection in contirols.
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1. If, instcad of aiministering sorum and culture

simultancously, tuec formor is civoen 18 lbours in advance of the

infecting organisms, a very large w»roportion of the antibody is
obviously no longer available in the peritoneum. In spite of

this loss, a considerable degree orf protection is obtained if

large amounts of serum cre used, and it is especially note-

worthy that unler these conCitions a number of mice can be
i

nrotected agninst relatively large amounts of culture. The i

results suggest that the cellular make-up of the paritoneal

fluicd might have bteen altered by the nresence of the foreign

protein. [
2. If intraperitoneal injections of sodium nucleinate

are given 18 hours prior to the simultaneous administration of

serum and culture, the protective action of antipneumococcus

serum 1ls markedly enhanced. The Schwellenwert undergoes a

consicerable shift in that the samco amount of serum 1is now
cffective against larger amounts of culture.

Since it is known that the previous administration of
sodium nucleinate brings about a considcerable cellular response,
it was COﬁsidered possible that for each individual animal there
is a true Schwellenwert related to the number and nature of the
cells in the peritoneum at the time of injsction of serum and
culture.

After a thorough exploration of the possibdble techhical
approaches to the solution of this question, the following
tecinique was adoptecd: Fifteen minutes after the injection of
serun and culture, a sample of poritonzal contents was taken

with o small capillary pipstte and a smear made. From the
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Gram stain tho number of pneumococci anc of cells, in nany

contiguous fieldg, werc counted and the ratio of pneumococci
to white cells determined. This ratio is obviously a function
of thz total number of winite cells in the peritonesum, provicing

tlhat the samc numbers of nncumococci arc injected in each

S ey U - I T 3 oy
e e e — SRR

v means of this technique, an cxtensive study has
Ysen carried out, the results of wuicuh may be summarized as
follows:

1. In mice of the same woight receiving the same
amounts of immunc serum, there apnrears to be a limiting ratio
of pncumococci moer white cell, ancd if this ratio is excaeded
death 1c the inevitable result. In other words, mice with
large numbers of white cells in the peritoneum are much more
able to utilize the benefits of the immune sorum than arc those
with few cells. These ratios serve as o basis for prediction

of survival or death with an accuracy of about 85 per cent.

2. The limiting ratio in mice of thc same weight is
notified by the amount of immune scrun. For example, with one
particular lot of entipnecumococcus horse sorum, the best
protection against 0.1 cc. of culture is obtainéd with 0.0% cec,
Here the limiting ratio is approximately 7.0. With 0.0125 cc.
of serum the limiting ratio is 5.4, Tith 0.2 cc. of serum the
ratio is 4.0.

3. In a series of mice receiving the same amounts-
of serum, but differing in weight, the limiting ratio is a
function of weight and becomos smaller as the weight increases.,

b, With Dr. D. Miller, it has bzen possidblas to show

that the latter finding is exwnlained by the fact that very
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small animals have a very high »Hroportion »f monocytes in the
peritoneal fluid and vice versa. There are almost no poly-
morphonuclear leukocytes in the normal mouse peritoneum.

5. As an outgrowth of the foregoing, and in the light
of certain other exnerimental facts, it can be inferred that
both weight and peritoneal cell content can be in theory
resolved into a single host factor, that is, the absolute nunber
of monocytes in the peritoncum at the time of infective inocula-
tion. These cells anpear to constitute the first line of cdefense

Tn sunnarize, the Schwellenwert, or limitation of the
number of pneumococci which the passively immunized animal can
dispose of, is a numerical function of the relation of the
number of microdrgzanisms to the number of monocytes in the
peritoneum at the time of injection.

The prozone. Referring to Text Fig. 1, 1t is of some

interest that whereas 0.05 cc. of antipneumococcus horse serun
protects against 0,1 cc, of culture, larger amounts are less

effective. With O,4 cc. no protection is obtained. This

phenomenon is referred to as the prozone, and has been the subject

of an intensive investigation. The results may be summarized
as follows:

1. The extent of the prozone in the protection test is
qﬁantitatively correlated with the agslutinin titer, that is,
immune sera with high agglutinin titers show a more extensive
prozone than do those with low titers.

2. For each lot of eantipnounoccoccus horse serun,
there appears to be a Cefinite amount which gives optimal

protection in the ranze of larg:r asounts of culture., This
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ontimal amount is related inverselwv to the agglutinin titer.
Thus, one lot of scerum with an asglutinin titer of 1-6Y4 gives

optinal protection vwhen 0.2 cc. is used; a seconc lot with

acclutinin titar of 1-256 with 0.05 cc.; wiile a third lot
(concentrated) with a titer 1-512 gives b2st protcection in

0.025 cc. anmcunts.

3. Failure of protection in the prozone range is

associated with a marked decrease 12 value of the

Schwellenvert.

L,

o

An examplec of this has alreacdy been cited.
FPailure of protection in tlie proziune range 1is
associated with an apparcnt inhibition of phagocytosis. The

pneumococeci, 1f unchecked, quickly maltinly, hence the zarly

recaction on the part of the body is absnlutely ossential if
be achiocved.

protection is ts In the following table arc sliovwn

results which bear on this sudbject:

Thite cells showing | Pnounocoacei intra- |
nhagocytosis curing | ceollular at ond of
first _hour firgt hour
Per_cent Par cent
No serunm 6 8
Optinmal protective 20 62
anount of serum
"Prozone' anount 6 o
of serun

It would appéar that the excoss of immune horse sarum, Dby
inhibiting phagocytosis, psrnits the alnost unchocked growth
of pneumococci.

5. Certain heterslogous substances have been injected
with optimal anmounts »f immune uorse scrun.

The addition of

normal rabbit scrum or of exg vhite fails to alter the protcction.
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On the other hand, Ty»e II antioneunoc-ccus harse serun,
concentrated antineningococcus sa:run, lipoemic rabbit scrum and
cae lecithin tond t+ blosck pr-otoection.

Since the nnly obvicug csnian c-mHhoncent of tuese
unrclatcd inhibitary substances is lipoicd, thcse findings
suggestnd thint it might be possible to remove the inhibitory
clement in imnune harse scrun by cextracting the lipoics fron
it, This proved not t» be the caoso, dut this theoeory has led
to an intorcsting sories oFf Tindings which nay be summarized
ng fallaows:

1. If raw antinhnsunocsccus horse scerunm is extracted
with aleslinl=2thizcr by a smeeclal teciinique which dnses nat

involve donaturatinn of tha oratein, the oxtracted sarunm fails

su
o

to egnlutinate ovHneounncncei ond dses noat give o precipitin
roaction with tho specific camnsular Dolysaccharides. This rosult
is not obtaincd with antinncunococcus raboit soruﬁ similarly
axtracted.

2. The extracted horse sceorum still nossesses an
unaltereé capacity to protect mice against fatal infection;
even though the pDresence of antibodies cannot be demonstrated
by afsglutination or nrecipitation methods.

3. If extfacted jmmune horse serum is injected intra-
neritoneally into mice and the peritoneal - fluld withérawn after
30 minutes, the recovered fluic mnossesses the capacity to
ageglutinate pneumococei. This result suggests that the molified
antibody combines with a substance in the peritoneal fluid. A
gsimilar "reactivation® can be brouiit adbout in vitro by the

admixture of the czxtracted serum and lecithin under certain

conlitions.
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4. Those results suggest that the antibody of immune
horse scrum may consist of a loose combination of protein anad
lipoic, the protein carrying the specific combining grouns. It
is believed that the 1lipoid element may be rcesponsible for the
nrozone. Ixtractel scra still cive the prozone, but this may be
accounted for by an in _viv~ recomvination.

5. Antinncumococcus scra from various othar aninal
snecies have bean cxamined from this point of view. The results
indicate tl:at tie rat and thy juinza »Dig may be groupsd with

1

a2c rabbit, vhile tlie goat and thice mouse are in the same class
as the Zorso. )

6. The results nresentcd in this summary are a irurther
demonstration of the wide {ifferences in the nronerties of anti-
pneumococcus sora cerivod from rabbits and horses. Previous
observations have denonstrated radical differecnces in the
morniiolopsical characteristics of the wrecipitatss with the
specific capsular polysaccharicfes (Schiemann and Casnar), the
ability to give the Quellung reaction with the pneumococcus
capsule (Neufeld and Tulcynski), the pronerty of fixing comple=-
ment with the capsular polysaccharices (Zinssor and Parker), etc.
It is believed that the prescent work may furnish the clue
necessary to tiie explanation of tueso difforences.

To summarize, it Las been shown that lLigh tifered
antipneumococcus Rorsoe serum in amounts above the optimum falls
to »rotect mice, whareas this ig not true with antivpneumococcus
rabbit serum of equivaloent antibody content. The results
indicate that this failure to protect is due to an inhibition

of the phagocviic mechanism by som2 3lemcent of tlie immune serun




wiich has not been absslutely identificd, but which isg beslieved
t> b2 lipoicd¢ in nature.

1o relationshin of urenic pcid to the biolopgic

shecificity of bactorial onlysacclearicas (Gosbel). 1In previous
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cartain structural and confisuratinonal Jiffarcncaes of t
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carbohrdrate radicals of artificially convncundal antis<ons

)

beun corr:lated with chan-es in immunnlopical specirieclity.
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T yg2 stucivs have bean (irccted narticularly to 2iplaining the

P

fuctars waicn Cotermine the specirfricit

a

> of cardvoaylrates. It

]

nas bocen found that known (iifferences in the chonical constitu-
tion of the carbolylrate radicals »f synthetic antigens arc
sharply reflocted in the sa2rolonical specificity of the anti-
sera to wiich they give rise in tace animal boly. This work has
nov been extenced to tho naturally occurrina bacterial poly-
srccharicdes. The nresent report ‘eals with an explanation of

“e cross serologicel reonctivity of the capsular polysaccharides
of Types III and VIII nneumococcus on the basis of certain
similarities in the constitutions of the two polysaccharide
noleculas.,

Tho shecific »Halysaccuaride of Type VIII pneumococcus

“as been isolated as & nitrogen-frese carbohylrate, and shown %o
be built up of units of zlucasse and glucuronic acid in the ratio
of seven moleculss of hexosc to two of uronjic acid. 'Then the
nolysaccharice is hyirnlyzed with dilute mineral acid, the

hy rolysate is founc to contain glucose and an aldobionic

acid~--a glucose glucuronide.




It has previously been shewn that the specific poly-
sncciaaride of Pneumococcus Tyne III is likewise built up of
mnlecules of flucose and glucur-nic acid in the ratio of 1:1.
Then the Dolysaccharide is hydrolized with Cilute seid, there
is foun' in tha hyédrolysate an aldabionic acid, wihich has been
likewise shown tn be a ¢lucese glucuraniile.

It has been cxparimentally Comonstrated that if the
froe hylroxyl grouns of a bactzerial polysaccharide are substi-
tuted with a caemical radical, the rasulting derivative retains
its capacity to react in homologous antiserum. If, on the
otlioar hand, the highly polar carbozyl group is covered with an
cster grouning, the corresponding derivative losecs entirely its
serslogical sonocificity. It is believed, thercfore, that the
uronic acid constituent, and particularly the spatial relation-
ship of its dominantly oHolar carboxyl oroup to other groups in
the carbchydrate molecule, plays o very immortant role in
Cetermining the type-specificity of a bacterial nolysaccharice.
If it werec possible, therefore, to show that the aldobionic
acids of the specific polysacchariles of Types III and VIII
pneumococcus were idontical, then the cress serological
reactivity of these two substances would be establishcd.on a
cefinite chemical bYasis.

The aldobionic acids rcrived from the specific poly-
saccharides of Types III and VIII pneunmococcus are both
amorphous substances. It therefore becomes necessary to prepare
a crystalline <erivative of these two susar acids in order to

establish either their identity or “issimilarity. Consequently,
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the methyl esters of 2ach were prepared, which, on subseguent
acetylation yiclded the corresponding crystalline heptacetates.
When obtained in a state of purity those two cCerivatives w

found to be icdentical in crvstalline structure, melting point

units of the polysaccharide of Type VIII. It is believed,
therefore, that the cross scrologzical recactivity of these
naturally occurring bacterial polysaccharides may be explained
on the basis of the identity in structure of the aldoblenic
acid nuclsus common to both carbohylrates.

It has been found that the specific enzyme which
hyéroclyzes the capsular polysacchoride of Type III Pneumococcus
is elaborated not only when the organism from which the enzyme
is ferived 1s grown in the presence of the polysaccharide, but
is likewise elaborated when the Tvpe III nldobionic acid itself
is used as a substrate. Thus it woull appear that if the
structure of the aldobionic mcid were established it should be
possible to produce synthetically a specific substrate for the
production of the enz&me. The problem of synthesizing the
aldobionic acid 1nvolv$s, hOWQVer, not only a knowledge of its
structurc, but a knowledge of the chemistry of glucuronic acid
2s well.

Because the appropriate.source material-~-an
acetonalogen derivative of glucuronic acid---has never besn
satisfactorily prevnared, the synth:sis of glucuronides has

heretofore nevar been aciileved. In c~llavoration with
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Mr. Babers we have attempted to prepare a series of derivatives
of glucuronic acid to be utilized for the syntheses of glucuron-
ides and aldobionic acids as well. Thus it has been found that
when glucuron, the lactone of glucuronic acid, is acetylated,
there are obtained two isomeric triacetates from which a
crystalline chlorodiacetyl glucuron can be prepared in excellent
yields. It has been found that when this halogen derivative
is condensed with methyl alcohol in the presence of silver
carbonate the corresponding crystalline methyl glucuronide is
obtained. From a study of the kinetics of hydrolysis of this
derivative in the presence of extremely dilute acid, and from
tihe Tfact that alkaline hydrolysis rewmoves but one of the acetyl
groups, it must be concluced that this derivative does not
represent a true glucuronide with the structure:
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In vicw of the fact that the aceto halogen derivative

of glucuron failed to yield a true nethyl glucuronide, it was
thought that glucuronic acid itself might furnish the appropriate

derivative. Conscguently, glucuronic acid was converted into

tne methyl estoer, which, in turn, yiclded the two isomeric
C(amd~ﬁ‘tctracctatos upon acetylation. Tho latter derivatives
were readily converted ints tho corresponding acetochloro

cerivative, from which the triacetyl methyl ester methyl

slucuronido was prepared. Like the corresooniing derivative

of glucuron, howoever, this mothyl glucuronice was found to be

an orthoacctate, and not a truc glycosice.
Prom the raosults of the abasve cxperiments, it would appear

that it is impossidle to synthesize the truc glucuronicdes either

from the halogen cerivative of glucuron, or from that of the

mothyl estor of glucuronic acid. Further experimental work,

however, has revealed the fact tiiat if the molecular weight of

the aglucon is increasod, and if diacetyl chloroglucuron is

condensecd with the appropriate alcohol, such as nitrobenzyl

alcohol, a glucuronide is obtained having the structuroc of a

true glycoside. Furthormore, it has just recently been found

that if the f?tetracetyl methyl aster of glucuronic acid is
warmed with titanium tetrachloride in chloroform solution, a
second crystﬁllihc tfiacetyl chloro glucuronic acid héthyl O
ester is secured which is isomeric with the chloro derivative

prepared as previousiy fescribed. On the basis of certain

knowledge pertaining to the structure of this second halogen
ferivative, it may be anticipated that the latter compound will

likewise yicld the true glycosides of glucuronic acid. Thus,
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the synthesis of the allobionic acid of Pnoumocnccus Type III

specific molysaccharide awaits tiae determination of th: structure ;

of this biose.

The synthoesis of tha acidobisnic acid common to the
i

spacific polysaccharides of Types IIT and VIII Pnoumococcus has

not only o practicel basis--~that of supplying a synthctic

(&N

T
iy
XA

substrate for cnzryme vroduction, but a thenretical intarest as

G Ty LD TR

7ell. By synthesizing the fundamental building stona of the

polysaccharide of Pneumococcus Type III, it is our heope
cventurlly to prenare an antigen, truly artificial, and bearing

to tha Typ: III Pneumococcus no ralationship whatsoever save

e e o i bl A oo et ot = e i s e et o < e =

one of chemical structure, which will give rise in the host to

specific immunity against infection wvith Typc III pncumococci.
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